The effect of N-stearoylethanolamine (NSE) administration (isolated and combined with alcoholization) in the dose of 5 mg/kg on the behavior reactions of rats in the elevated plus maze was investigated. It was revealed that the isolated administration of NSE at the dose of 5 mg/kg rather reduced general locomotor activity of rats in elevated plus maze than increased their anxietylike behavior in these conditions. It was shown that chronic 30-day alcoholization increased anxiety-like behavior of rats in elevated plus maze but introduction of NSE on the background of alcohol eliminated changes of locomotor and emotional behavior of animals after alcoholization. The presence of significant changes in locomotor and emotional behavior of rats in elevated plus maze after administration of NSE at the dose of 5 mg/kg indicated a redundancy of such dose of the substance and therefore research of the influence on the behavior of smaller doses of NSE is very relevant.
INTRODUCTION
There is a large and growing body of clinical and preclinical evidences suggesting an important, albeit complex, relationship between stress, anxiety and alcohol use disorders (Piazza and Weiss et al., 2001 ). It was found that chronic consumption of ethanol can increase the level of endogenous cannabinoid receptor ligands in neuroblastoma cells (Basavarajappa et al., 1997; Hungund et al., 2002) and cause an increase of level of endocannabinoids in the brain (Basavarajappa, 1999) . Endocannabinoid system of the brain is one of the neurochemical systems, which is directly involved in physiological recovery after any stress effects. There are two types of cannabinoid receptors, CB1 and CB2 (Takayuki and Keizo, 2002) . To date, there are two endogenous ligands of CB1 receptors, namely anandamide and 2-arachy donylglycerol (2-AG), which mi mic the phar macological action of Δ 9 -tetra hyd ro cannabinol, the active compound of ma ri juana and other synthetic cannabinoids (De vane et al., 1992; Mechoulam and Fride, 1995; Hungund et al., 2002) .
Considerable evidence suggests that cannabinoids are anxiolytics and modulate the behavioural and physiological response to stressful events (Viveros et al., 2007; Hill et al., 2010) . In the searching of new molecular and neuronal targets it is important to create original anxiolytic drugs for the treatment of anxiety disorders (Millan, 2003) . However, it was found that the administration of low doses of CB1 receptor agonists manifested mainly anxiolytic effect, while higher doses had mainly anxiogenic effect (Viveros et al., 2005 Varvel et al., 2005) , it is important to find sub stances with potential cannabimimetic pro perties that would not cause side effects. More over, according to the ever-increasing vol ume of alcohol consumption in the society and property of ethanol to disrupt the natural balance between endogenous cannabinoids (Basavarajappa and Hungund, 1999; Basa varajappa, 2000) , it is reasonable to estimate the physiological properties of cannabinoids in con ditions of chronic alcoholization.
Research of endocannabinoid system of the brain showed that along with the most studied anandamide there is synthesized a number of other N-acylethanolamines in the brain which functional properties are not fully elucidated (Gula et al., 2004) . One of these compounds is N-stearoylethanolamine (NSE), the content of which in the brain of mice and humans is about 11-14% of total endocannabinoid whereas the content of anandamide does not exceed 7-8% (Maccarrone et al., 2002) . This substance shows some cannabimimetic properties but it is not set to be bound with cannabinoid receptors. However, the introduction of this com pound can cause a variety of physiological effects. In particular, it is shown that NSE possesses antioxodative, membranoprotective and adaptive properties (Goridko et al., 2007; Artamonov et al., 2005) , has anti-inflammatory eff ect on experimental burn wound in rats (Gula et al., 2009 ) and inhibits the growth and metastasis of Lewis carcinoma (Gula et al., 2006) . In our previous study we showed that ad ministration of NSE in the dose of 5 mg/kg during 7 days led to reduction of vertical and locomotor activity in open field and had no significant effect on the parameters of the emotional activity (duration of grooming) after retesting (Bondarenko et al., 2013) .
The objective of this study was to compare the anxiety-like behavior in elevated plus maze in rats in the case of chronic alcoholism and NSE administration.
MATERIALS AND METHODS

Subjects
In the investigation, 85 white male rats (weight: 150-200 g at the beginning of the experiment) were tested. All manipulations were carried out according to bioethics rules.
Separation on the groups
The rat behavior was evaluated using elevated plus maze, the light / dark box or the openfield tests (Belzung and Griebel, 2001 ; Bog danov et al., 2013). The rat behavioral reactions in the open-field test and light / dark box were used to equable groups' formation. After test ing rats were divided into 5 equable groups according to the recorded parameters:
І group -"Control" (n = 16) -intact animals;
ІІ group -"Control tube" (n = 16) -animals which receive water through the tube during 7 days; ІІІ group -"NSE" (n = 17) -animals which receive NSE (5 mg/kg) through the tube dur ing 7 days; IV group -"Alcohol" (n = 18) -animals with the model of 30-day chronic alcohol intoxication; V group -"Alc+NSE" (n = 18) -animals which during the last 7 days of forced alcoholization were receiving NSE (5 mg/kg) water solution.
Animals from I, II and III groups were maintained on a standard vivarium diet and free access to food and water. Animals from IV and V groups were limited in water access through the period of introduction of alcohol but without food deprivation during the whole experiment. After dividing into groups chro nic alcoholization and administration of sub stance were carried out.
Alcoholization
The chronic alcoholic intoxication was made in 2 steps: at I stage we determined the predisposition of rats to ethanol by "two bot tles" method. Animals that had not had this contact with ethanol before were placed into individual cages with two drinkers, one with water, the other with 15% solution of ethanol. During this stage during 14 days animals had free choice between ethanol solution and water. The value of individual volume of consumed alcohol per unit time (g/kg/day) and the percentage ratio of consumed alcohol and volume of whole fluid were calculated once a day. It was described (Kovalenko et al., 2010 ) that innate tendency to consume alcohol was linked to the level of behavioral responses, that is why this step allowed to balance rats in IV, V and VI groups based on behavioral characteristics and also by the level of spontaneous alcohol consumption before beginning of the 30-day forced alcoholization. At II stage forced alcoholization was performed by introducing ethanol as the sole source of fluid for 30 days. After that to assess the individual level of alcohol consumption during 4 days cages were equipped with two drinkers again (one with water, the other one with 15% solution of ethanol) (Parkhomenko et al., 2007).
Substance
NSE water solution was being entered per os using plastic tube during 7 days in the dose of 5 mg/kg. The substance was synthesized in the Department of Biochemistry of Lipids of Palladin Institute of Biochemistry of the National Academy of Sciences of Ukraine. Introduction of substance using thin and flexible plastic probe is not traumatic for rats and allows without extra tools for fixing in a stationary position of the animal quickly introduce exogenous substance directly into the stomach. After quick adaptation to such manipulation animals practically are not stressed which is important for the study of behavioral responses. One of the rat group received water with the help of plastic tube to check the influence of the procedure on the rat activity.
Behavioral studies
After termination of alcoholization and admi nistration of NSE, elevated plus maze was conducted. Elevated plus maze was the main method for anxiety level evaluation in rats from different groups in the current research. In this setup the following measures were recorded during 5 minutes: spending time in closed and opened arms, spending time in the centre, the number of entries made into either the open or the closed arms, number of crossings of the central platform, number of looks down, the number of looks from the centre, quantity and duration of grooming. The experiment was recorded using a video camera; all required parameters were measured during records examination.
Data analysis
Data were analyzed by Statistica for Windows 7.0 (StatSoft). Since the distributions of the most parameters obtained in these studies were different from normal (Shapiro-Wilk test) for comparing independent groups nonparametrical Mann-Whitney U-test was used. Differences were considered significant at p ≤ 0.05. Median and inter quartile range used to describe the sampling distribution (Me [25%, 75%]).
RESULTS
After termination of alcoholization and administration of NSE in the elevated plus maze test it was shown that open arm time in rats of IV group was significantly lower compared with animals from I (p ≤ 0.01) and II (p ≤ 0.05) groups. In animals from III group this parameter was significantly lower compared with rats from I group (p ≤ 0.05) and tended to decrease compared with animals from II group (p = 0.08). In animals from V group this parameter was significantly lower compared with rats from I group (p ≤ 0.05) and tended to decrease compared with animals from II group (p = 0.09). There were no differences between the performance of animals between animals from I and II groups. In rats from V group the closed arm time was significantly higher compared with rats from I group (p ≤ 0.01) and tended to increase compared to the animals from II group (Fig. 1) . This result may indicate some increased anxiety-like reactions in rats from III, IV and V groups. There were no significant distinctions of spending time in the centre of the maze between animals of different groups, however, in rats from IV group this value was slightly higher compared with animals from I group.
The ratio between open arm time and closed arm time is an important indicator. This indicator rises with the growth of neophilia (a tendency to like anything new) of animals. In animals from IV (p ≤ 0.01) and V (p ≤ 0.05) groups this factor is significantly lower compared with animals from I group. In rats from ІІІ group it tended to decrease compared to the animals from I group (p = 0.06) (Fig. 2) .
Rats from IV group had statistically lower number of open arm entries compared with ani mals from I group (p ≤ 0.05) and tended to decrease compared with II group of rats (p = 0.09) that may indicate the strengthening of anxious behavior in these animals (rats who consumed only NSE). In addition, rats from III group had a reduction of number of open arm entries compared with animals from I group, but this decrease is only a trend (p = 0.06) (Fig. 3) .
The analysis of grooming activity of ani mals from different groups showed that the num ber of grooming (Fig. 4a) in rats from V group was significantly lower (p ≤ 0.05), and in rats from IV group tended to decrease (p = 0.08) com- pared with II group. Moreover, in rats from V group it tended to decrease compared to the animals from III group (p = 0.07) which may indicate some reduction of emotional activity in both groups of rats that were exposed to alcohol, although compared with the animals from I group significant difference was not observed. In rats from III group were no significant differences compared with animals from I and II groups, but rats in this group had a slightly higher number of grooming compared with rats from I and IV group. The duration of grooming (Fig. 4b) was significantly higher in rats from III group compared with animals from I (p ≤ 0.01), IV (p ≤ 0.05) and V (p ≤ 0.05) groups that may indicate some increase of emotional activity in the elevated plus maze in the animals from III group (in groups receiving only NSE).
The number of looking down in elevated plus maze is an important indicator of reduction of emotional stress in rats (Fig. 5a ). In our studies we found a significant decrease of this parameter in rats from III group (p ≤ 0.05) compared with the animals from I and II groups. In animals from IV group this parameter was significantly lower compared with rats from I group (p ≤ 0.05) and tended to decrease compared with animals from II group (p = 0.08) that may indicate to an increase of anxiety in rats from III and IV groups. With regard to animals of V group (rats which received NSE on the background of alcohol) there is no difference against control. Opposite in meaning indicator is the number of rats looking from centre (Fig. 5b) . Analyzing this factor we observed a significant increase of it in animals from IV group (p ≤ 0.05) compared with those from II and V groups that may indicate an increase of emotional stress in animals from IV group, and its slight decrease in the rats from V group.
DISCUSSION
The elevated plus maze has been used ex tensively in rats and mice as a preclinical screen to predict therapeutic efficacy of putative anxiolytics (Carobrez and Bertoglio, 2005; Hogg, 1996; Jones et al., 2002; Pellow et al. 1985) . This method allows determining the rate of expression of the emotional reactions of fear and anxiety, locomotor activity, the rate of orienting responses in animals that find themselves in a new situation. A drug induced increase in the proportion of time spent in the open arms is suggestive of an anxiolytic eff ect, whereas an increase in time spent in closed arms is suggestive of an anxiogenic effect.
In general it was found that the ad ministration of water with the help of plastic tube did not alter any parameter of behavior reactions in elevated plus maze compared with control condition. After isolated administration of NSE at the dose of 5 mg/kg we did not receive any data that could clearly indicate the anxious behavior in animals compared to the intact animals. On the one hand, there is a significant decrease of open arm time and number of looks down; on the other hand, we observed a significant increase of the duration of grooming in these rats, which is a measure of comfort behavior. The obtained results rather indicate to the more general suppression of locomotor activity than increased anxiety-like behavior as described that NSE has the same effects as anandamide on catalepsy and motility of mice (Maccarrone et al., 2002) .
Instead the application of this model of chronic alcoholization increased anxious behav ior in rats in the elevated plus maze that was reflected in significant decrease of the number of open arm entries and open arm time, reduction of the ratio factor of open / closed arm time, as well as reduction of the number of looks down compared to intact animals.
Analyzing the behavior of animals that received NSE at the dose of 5 mg/kg combined with alcohol, we also saw significant decrease of the open arm time and reduction of the ratio factor of opened / closed arm time. But, in contrast to animals that received only ethanol, there was no difference in the number of opened arm entries and the number of looks down compared with intact animals. In rats which received NSE at the dose of 5 mg/kg co-administrated with alcohol we observed a significant reduction of the number of looking from centre, compared with animal which received only NSE that in general may indicate the presence of a certain modulating influen ce of NSE on the behavior of animals after alcoholization. However, revealed significant increase in opened arm time compared to control animals could theoretically indicate that NSE at the dose of 5 mg/kg with high confidence can be threshold limit of the substance, and the continued usage of large doses may have a more pronounced anxiogenic effect on behavior of rats after alcoholization and control rats which is important for the future studies. Usage of smaller doses of NSE is relevant because in the conditions of chronic alcoholization alcoholinduced increase in brain levels of natural endocannabinoids (anandamide and 2-AG) in combination with NSE possibly undermine its anxiolytic effect.
CONCLUSIONS
It was revealed that NSE at the dose of 5 mg/kg did not increase anxiety-like behavior in the EPM. The administration of water with the help of plastic tube did not alter any parameter of behavior reactions in EPM compared with control condition. The chronic 30-day alcoholization increased anxious behavior of rats in the elevated plus maze. Introduction of NSE at the dose of 5 mg/kg changed locomotor and emotional behavior of animals after alcoholization but further usage of lower doses of the substance is promising. The data obtained are important for further evaluation of efficacy of NSE effect in terms of chronic alcohol intoxication on different types of learning and memory.
